NITRIDE SEMICONDUCTOR DEVICE AND 
FABRICATION METHOD THEREOF 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a nitride semiconductor device for use in a laser 
diode or light-emitting diode that emits blue light and to a method of fabricating such a nitride 
semiconductor device. More particularly, the present invention relates to a nitride 
semiconductor device having a nitride semiconductor substrate and to a method of fabricating 
such a nitride semiconductor device. 

Description of the Prior Art 

[0002] Expectations have been running high for and various applications have been 
attempted with m-V nitride semiconductors composed of a group HI element such as Al, Ga, 
or In and a group V element N (hereinafter such a semiconductor will be referred to as a 
"GaN-based semiconductor") as light-emitting devices and power devices for their desirable 
band structure and chemical stability. For example, many attempts have been made to lay a 
layer of a GaN-based semiconductor on a sapphire substrate to produce a nitride 
semiconductor device that emits blue laser. In general, in AlGalnAs- or AlGalnP-based 
nitride semiconductor devices, cavities, which are essential for laser oscillation, are produced 
by the use of cleavage planes. 

[0003] However, in a case where a GaN-based semiconductor layer is laid on a sapphire 
substrate, since sapphire does not cleave easily, the end surfaces of the produced c{iip have 
surface irregularities as large as 4 to 10 nm on average, making it difficult to obtain a 
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satisfactory cavity. Furthermore, in a case where a nitride semiconductor device is formed 
by laying a GaN-based semiconductor layer on a sapphire substrate, since, in general, the 
angle at which sapphire cleaves is 30° apart from the angle at which the GaN-based 
semiconductor layer laid on the substrate cleaves, it is difficult to reduce the surface 
irregularities on the end surfaces irrespective of along which of the substrate's and the upper 
layer's cleavage planes the chip is diced apart. 

[0004] For these reasons, much attention has been paid to using, as a substrate on which 
to lay a GaN-based semiconductor layer, a GaN-based substrate that cleaves easily and that 
cleaves in the same direction as the GaN-based semiconductor layer laid on its surface and 
producing the end surfaces by cleavage. Here, a GaN-based substrate denotes a substrate 
formed out of a GaN-based semiconductor. When a GaN-based substrate is used, the GaN- 
based semiconductor layer and the GaN-based substrate cleave in the same direction, and 
therefore the end surfaces are expected to be flat. Moreover, when a GaN-based substrate is 
used, good lattice matching is achieved between the GaN-based substrate and the GaN-based 
semiconductor layer laid on it, and no difference exists between their thermal expansion 
coefficients. This helps reduce the strain on and hence defects of the nitride semiconductor 
device, and is thus expected to extend the useful life of the nitride semiconductor device. 

[0005] An example of a nitride semiconductor device in which, as described above, a 
GaN-based semiconductor layer is laid on a GaN-based substrate and then the end surfaces of 
the cavity are produced by cleavage is disclosed, for example, in Japanese Patent Application 
Laid-Open No. HI 1-4048. 

[0006] However, concerning the abovementioned example of a nitride semiconductor 
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device using a GaN-based substrate disclosed in Japanese Patent Application Laid-Open No. 
HI 1-4048, there is given no detailed description about how the end surfaces of the cavity are 
produced or how the chip is diced apart. This has led the inventors of the present invention 
to try in various ways how a wafer using a GaN-based substrate cleaves, only to find that, in 
practice, it is difficult to dice such a wafer with a constant, uniform cavity length and at a 
satisfactory yield rate. 

[00071 F° r example, in the dicing process of a wafer 130, as shown in Fig. 13, having 
stripe-shaped optical waveguides 131 and having cleavage guide grooves 132 formed at an 
edge so as to run in the direction of cleavage, ideally, cavities are produced as a result of the 
wafer 130 being cleaved along cleaving lines, like the one designated as 133, running in the 
same direction as the cleavage guide grooves 132. Cleaving along such cleaving lines 133 
permits the stripe-shaped optical waveguides 131 to be split with flat surfaces. This makes it 
possible to produce nitride semiconductor devices at a high yield rate. In reality, however, 
many dicing lines meander, like the one designated as 134, or run at 60°, like the one 
designated as 135, relative to the desired dicing direction. 

[0008] One cause of the formation of such unintended dicing lines as those designated as 
134 and 135 is that, even when cleavage guide grooves 132 are formed in the <11-21> 
direction (of which a description will be given later) in which cleavage occurs, in a GaN- 
based substrate, which has a hexagonal crystal structure, directions that are at 60° relative to 
that direction are equally valid cleavage directions, and therefore cleavage occurs as easily 
also along lines that are at 60° relative to the desired dicing direction. If such unintended 
cleavage occurs only once, a dicing line like the one designated as 135 in Fig. 13 results; if 
such unintended cleavage occurs continuously, a dicing line like the one designated as 134 
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results. Another cause is that, compared with a sapphire substrate, a GaN-based substrate is 
so brittle as to make cleavage in inclined directions as described above more likely, causing, 
in the worst case, the devices to be broken to pieces. 

SUMMARY OF THE INVENTION 
[0009] An object of the present invention is to provide a nitride semiconductor device that 
is diced apart with flat surfaces at the ends of the cavity. Another object of the present 
invention is to provide a method of fabricating a nitride semiconductor device which permits 
dicing to be achieved in a fixed direction all the time. 

[0010] To achieve the above objects, according to one aspect of the present invention, a 
nitride semiconductor device is provided with: 
a substrate that exhibits cleavage; 

a nitride semiconductor layer including a cleavage plane equal to a cleavage plane 
of the substrate and formed out of a compound containing a group III element and nitrogen; 

a stripe-shaped optical waveguide formed in the nitride semiconductor layer; 

a cavity formed by cleaved end surfaces of the nitride semiconductor layer and the 
stripe-shaped optical waveguide; and 

a cleavage guide groove formed, to help form the end surfaces, in the top surface 
of the nitride semiconductor layer from above elsewhere than right above the stripe-shaped 
optical waveguide. 

[0011] According to another aspect of the present invention, a method of fabricating a 
nitride semiconductor device as described above includes the steps of: 

adjusting to within the range from 80 to 160 jam the thickness of a nitride 



semiconductor wafer formed by depositing on a substrate that exhibits cleavage a nitride 
semiconductor layer formed out of a compound containing a group in element and nitrogen 
and including a cleavage plane equal to a cleavage plane of the substrate, with a plurality of 
stripe-shaped optical waveguides formed at equal intervals in the nitride semiconductor layer; 

forming a plurality of cleavage guide grooves in the shape of discontinuous broken 
lines in the top surface of the nitride semiconductor wafer by scribing from above the nitride 
semiconductor layer in such a way that the cleavage guide grooves reach the substrate; and 

cleaving the nitride semiconductor wafer along the cleavage guide grooves. 

Here, the cleavage guide grooves are formed elsewhere than right above the stripe- 
shaped optical waveguides. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 is a diagram illustrating the hexagonal crystal structure; 

Fig. 2 is a sectional view showing the structure of the wafer before the GaN-based 
semiconductor laser device of a first embodiment of the invention is diced apart; 

Fig. 3 A is a sectional view illustrating the dicing of the wafer in the first embodiment; 

Fig. 3B is a top view illustrating the dicing of the wafer in the first embodiment; 

Fig. 4 is an external perspective view of the GaN-based semiconductor laser device of 
the first embodiment; 

Fig. 5 is a sectional view showing the structure of the wafer before the GaN-based 
semiconductor laser device of a second embodiment of the invention is diced apart; 
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Fig. 6A is a sectional view illustrating the dicing of the wafer in the second 
embodiment; 

Fig. 6B is a top view illustrating the dicing of the wafer in the second embodiment; 

Fig. 7 is an external perspective view of the GaN-based semiconductor laser device of 
the second embodiment; 

Fig. 8 is a sectional view showing the structure of the wafer before the GaN-based 
semiconductor laser device of a third embodiment of the invention is diced apart; 

Fig. 9A is a sectional view illustrating the dicing of the wafer in the third embodiment; 

Fig. 9B is a top view illustrating the dicing of the wafer in the third embodiment; 

Fig. 10 is an external perspective view of the GaN-based semiconductor laser device 
of the third embodiment; 

Fig. 1 1 A is a sectional view illustrating the dicing of the wafer in a fourth embodiment 
of the invention; 

Fig. 1 IB is a top view illustrating the dicing of the wafer in the fourth embodiment; 
Fig. 12 is an external perspective view of the GaN-based semiconductor laser device 
of the fourth embodiment; and 

Fig. 13 is a top view illustrating the dicing of a conventional wafer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] Hereinafter, embodiments of the present invention will be described with reference 
to the drawings. First, the definitions of some terms used in the present specification will be 
given. 

[0014] In the present specification, a "GaN-based semiconductor" denotes a m-V nitride 
compound semiconductor that is composed of a group HI element such as Al, Ga, or In and a 



group V element N and that has a hexagonal crystal structure. Examples of GaN-based 
semiconductors include compounds whose composition is expressed as AlxGayln^x-yN 
(where 0<X<l,0<Y<l,andO<X + Y<l), compounds obtained by substituting another 
element for part (about 20 % or less) of the group III element contained in those compounds, 
and compounds obtained by substituting another element for part (about 20 % or less) of the 
group V element contained in the first-mentioned compounds. 

[0015] In the present specification, a "GaN-based substrate" denotes, like a GaN-based 
semiconductor, a substrate formed mainly out of a III-V nitride compound semiconductor that 
is composed of a group HI element such as Al, Ga, or In and a group V element N and that 
has a hexagonal crystal structure. Examples of GaN-based substrates include substrates 
whose composition is expressed as Al x Ga Y Ini_x-YN (where 0<X<1, 0<Y<1, and 0 < X + 
Y < 1), substrates obtained by substituting another element for part (about 20 % or less) of the 
group III element contained in those substrates, and substrates obtained by substituting 
another element for part (about 20 % or less) of the group V element contained in the first- 
mentioned substrates. In addition, consider a case where a thick layer of a GaN-based 
semiconductor is deposited on a dissimilar substrate formed mainly out of a substance other 
than a GaN-based semiconductor, then an LD structure, described later, is laid further on top 
to produce a wafer, and eventually the dissimilar substrate is removed before the wafer is 
diced in any of the embodiments described hereinafter. In a case like this, the thick GaN- 
based semiconductor layer is to be understood to belong to the category of GaN-based 
substrates defined in the present specification. 

[0016] In the present specification, an "LD structure" denotes a structure formed mainly 
out of a GaN-based semiconductor so as to include light-emitting portions and waveguide 



structures before being formed into cavities. An LD structure is a layer structure deposited, 
or epitaxially grown, on the GaN-based substrate described above, excluding metal used as 
electrodes and insulating film or the like inserted between such electrodes and the GaN-based 
semiconductor. An LD structure may contain a GaN-based semiconductor having a partially 
different crystal structure or a material other than a GaN-based semiconductor. 

[0017] In the present specification, a "stripe-shaped optical waveguide" denotes an 
integral structure, including a light-emitting portion, for confining and guiding the light 
emitted from the light-emitting portion. 

[0018] In the present specification, an "average surface irregularity value Rd" denotes the 
average value of a surface roughness curve with respect to its center line as measured with a 
surface roughness tester. 

[0019] In the present specification, an "RMS value," or simply "surface irregularity 
average," denotes the magnitude of surface irregularities as obtained by measuring a surface 
roughness curve over a length of 4 |om parallel to the growth layer surface with an AFM 
(automatic force microscope) and calculating its RMS (root mean square, the square root of 
the sum of the squares of deviations of the surface roughness curve from its center line). 

[0020] In the present specification, a "groove depth" denotes the value obtained by 
measuring the depth of a cleavage guide groove or cleavage assist groove vertically from its 
rim to its bottom with a GaN-based semiconductor laser device placed so that the interface 
between its GaN-based substrate and LD structure is horizontal. A groove depth may be of 
one of the following three types depending on where the rim is considered to be located: (1) a 
groove depth with respect to the surface of the GaN-based semiconductor laid as the LD 

-8- 



structure; (2) a groove depth with respect to the center line of the interface between the GaN- 
based substrate and the LD structure, and (3) a groove depth with respect to the bottom 
surface of the GaN-based substrate. 

[0021] Moreover, it is assumed that, in a hexagonal crystal structure as shown in Fig. 1, 
<0001> represents all the directions of normals to surfaces identified as "A," specifically 
[0001] and [000-1]; <1-100> represents all the directions of normals to surfaces identified as 
"B," specifically [1-100], [10-10], [01-10], [-1100], [-1010], and [0-110]; and <ll-20> 
represents all the directions of normals to surfaces identified as "C," specifically [1 1-20], [1- 
210], [-2110], [-1-120], [-12-10], and [2-1-10]. 

[0022] In the following descriptions of the embodiments, GaN-based semiconductor laser 
devices are taken up as representatives of nitride semiconductor devices. 

First Embodiment 

[0023] A first embodiment of the invention will be described below with reference to the 
drawings. Fig. 2 is a sectional view showing the structure of the wafer before the GaN- 
based semiconductor laser device of this embodiment is diced apart. Figs. 3 A and 3B are a 
sectional view and a top view, respectively, illustrating the dicing of the wafer. Fig. 4 is an 
external perspective view of the GaN-based semiconductor laser device diced apart. 

1- Fabrication Processes of the GaN-Based Semiconductor Laser Device 
(Forming the Wafer) 

[0024] First, how the wafer is formed will be described with reference to Fig. 2. 

[0025] An n-GaN-based substrate 200 having a crystal growth surface on the (0001) 
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plane and having a film thickness of 100 to 500 jim is cleaned organically. In this 
embodiment, the film thickness of the n-GaN-based substrate 200 is adjusted to 135 |im. 

[0026] The cleaned n-GaN-based substrate is then transported into MOCVD (metal 
organic chemical vapor deposition) equipment, and is subjected, in an atmosphere of 
hydrogen (H 2 ), to cleaning at a high temperature of about 1,100°C. Thereafter, the 
temperature is lowered, and then, along with a flow of H 2 as a carrier gas flowing at a flow 
rate of 10 1/min, silane (SH4) is introduced at 10 nmol/min, and then, at 600°C, ammonia 
(NH3) and trimethylgallium (TMG) are introduced at 5 1/min and 20 mol/min, respectively, to 
grow an n-GaN-based buffer layer 201 having a thickness of 10 nm to 10 |im (for example, 
100 nm). 

[0027] This buffer layer 201 may be a GaN buffer layer formed with SiHU introduced at 0 
mol/min, or a GaN buffer layer containing Al or In. To make the buffer layer contain Al or 
In, an adequate amount of trimethylaluminum (TMA) or trimethylindium (TMI), respectively, 
is introduced during film formation. The buffer layer 201 is a layer formed for the purpose 
of alleviating the surface distortion of and improving (flattening) the surface morphology and 
irregularities of the n-GaN-based substrate, and therefore may be omitted if, in the n-GaN- 
based substrate, the n-GaN for crystal growth has superb crystallinity. 

[0028] Next, with a flow of nitrogen (N 2 ) and ammonia (NH 3 ) at 5 1/min each, the 
temperature is raised up to about 1,050 °C. Thereafter, the carrier gas is switched from N 2 to 
H 2 , and TMG and SH4 are introduced at 100 nmol/min and 10 nmol/min, respectively, to 
grow an n-GaN contact layer 202 having a thickness of 0. 1 to 10 jam (for example, 4 |im). 
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[0029] Next, the flow rate of TMG is adjusted to 50 nmol/min, and a prescribed amount 
of TMA is introduced to lay a layer of n-Al X iGai_ X iN (where, for example, xl = 0.2) and 
thereby form an n-AJGaN clad layer 203 having a total film thickness of, for example, 0.8 |nm. 
This n-AlGaN clad layer 203 may be replaced with a film of another material as long as the 
material has a low refractive index and a large band gap compared with the n-GaN optical 
guide layer 204 described later. It is also possible to combine a number of layers to make 
them as a whole have an average refractive index and an average band gap that fulfill the 
conditions stated just above in comparison with the n-GaN optical guide layer 204. 

[0030] After the formation of the n-AJGaN clad layer 203, the supply of TMA is stopped, 
and the flow rate of TMG is adjusted to 100 (imol/min to grow the n-GaN optical guide layer 
204 until it has a thickness of 50 to 200 nm (for example, 100 nm). Thereafter, the supply of 
TMG is stopped, the carrier gas is switched from H 2 to N 2 , and the temperature is lowered 
down to 700 °C Then, TMI is introduced in a prescribed amount and TMG at 15 jamol/min 
to grow a barrier layer of In v Gai_ v N (where 0 < v < 1). A predetermined period thereafter, 
the supply of TMI is increased to a prescribed amount to grow a well layer of In w Gai_ w N 
(where 0 < w < 1). 

[0031] This variation in the amount of TMI supplied is repeated to form an InGaN 
multiple quantum well active layer 205 having an alternating layer structure composed of 
InGaN barrier layers and InGaN well layers. The compositions and film thicknesses of the 
InGaN with which the barrier and well layers are formed are so designed that the light emitted 
has a wavelength in the range from 370 to 430 nm, and the flow rate of TMI introduced 
during growth is so adjusted as to obtain films having the designed In compositions. 
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[0032] The InGaN multiple quantum well active layer 205 has, preferably, 2 to 6 well 
layers and, particularly preferably, 3 well layers. On completion of the formation of the 
InGaN multiple quantum well active layer 205, the supply of TMI and TMG is stopped, and 
the temperature is raised back up to 1,050 °C. Then, the carrier gas is switched again from 
N 2 to H 2 , and then, with a flow of TMG at 50 (imol/min, TMA in an adequate amount, and 
bis(cyclopentadienyl)magnesium (Cp 2 Mg), which is a p-type doping material, at 10 nmol/min, 
an evaporation prevention layer 206 of p-Al z Gai_ 2 N (0 < z < 0.3) having a thickness of 0 to 20 
nm is grown. On completion of the growthof this p-AlGaN evaporation prevention layer 
206, the supply of TMA is stopped, and the amount of TMG supplied is adjusted to 100 
fimol/min to grow a p-GaN optical guide layer 207 having a thickness of 50 to 200 nm (for 
example, 100 nm). 

[0033] Next, the flow rate of TMG is adjusted to 50 |j.mol/min, and a prescribed amount 
of TMA is introduced to lay a p-type Al^Gai^N layer (where, for example, x2 = 0.2) and 
thereby form a p-AlGaN clad layer 208 having a total film thickness of, for example, 0.8 ^im. 
This p-AJGaN clad layer 208 may be replaced with a film of another material as long as the 
material has a low refractive index and a large band gap compared with the p-GaN optical 
guide layer 207. It is also possible to combine a number of layers to make them as a whole 
have an average refractive index and an average band gap that fulfill the conditions stated just 
above in comparison with the p-GaN optical guide layer 207. 

[0034] Lastly, the amount of TMG supplied is adjusted to 100 (imol/min, and the supply 
of TMA is stopped to grow a p-GaN contact layer 209 having a film thickness of 0.01 to 10 
Urn (for example, 0. 1 |im). With this ends the growth of an LD structure on top of the GaN- 
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based substrate 200. On completion of the growth, the supply of TMG and Cp 2 Mg is 
stopped and the temperature is lowered, and then, at room temperature, the wafer is 
transported out of the MOCVD equipment. With a wafer actually formed in this way, we 
measured its surface flatness and observed that the average surface irregularity value was Ra 
= 100 A. 

[0035] Subsequently, the wafer is subjected to a series of processes to form individual 
laser devices. First, in the process of forming p-electrodes, etching is performed in the shape 
of stripes in the <1-100> direction (see Figs. 3 A and 3B) of the GaN-based substrate 200 to 
form ridged stripes 211. Thereafter, a Si0 2 dielectric film 212 is vapor-deposited, then the 
p-GaN contact layer 209 is exposed, and then Pd, Mo, and Au are vapor-deposited in this 
order to form p-electrodes 213. The p-electrodes 213 may be formed by vapor-depositing 
Pd, Pt, and Au in this order, or Pd and Au in this order, or Ni and Au in this order. 

[0036] Next, by a physical process such as polishing, or by a chemical process such as 
wet etching or dry etching, the bottom surface of the n-GaN substrate 200 is polished to adjust 
the thickness of the wafer to 80 to 160 ^tm. In this way, the thickness of the wafer is 
adjusted to make the wafer easy to dice. Specifically, a wafer with a thickness smaller than 
the lower limit of the range makes its handling during device formation difficult; by contrast, 
a wafer with a thickness greater than the upper limit of the range makes its dicing difficult. 

[0037] Next, from below the bottom surface of the n-GaN substrate 200, Hf and Al are 
vapor-deposited in this order to form n-electrodes 210. Using Hf in the n-electrodes 210 in 
this way is effective in reducing the contact resistance of the n electrodes. The n-electrodes 
210 may by formed by vapor-depositing Ti and Al in this order, or Ti and Mo in this order, or 
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Hf and Au in this order, or any other suitable combination of materials. 

[0038] In the process of forming the n-electrodes 210, instead of forming them from 
below the bottom surface of the n-GaN substrate 200, they may be formed on the n-GaN layer 
202 exposed from above the top surface of the wafer by dry etching. 

Dicing the Wafer 

[0039] Next, how the wafer is diced in this embodiment will be described with reference 
to Figs. 3 A and 3B. Figs. 3 A and 3 B are a sectional view and a top view, respectively, of 
the wafer having the LD structure formed on top of the GaN-based substrate 200 as described 
above. 

[0040] In Figs. 3 A and 3B, to simplify the explanations, it is assumed that the GaN-based 
substrate 250 includes the n-GaN-based substrate 200, n-GaN buffer layer 201, and n- 
electrodes 210, and that the LD structure 251 includes the n-GaN contact layer 202, n-AJGaN 
clad layer 203, n-GaN optical guide layer 204, InGaN multiple quantum well active layer 205, 
p-AlGaN evaporation prevention layer 206, p-GaN optical guide layer 207, p-AlGaN clad 
layer 208, p-GaN contact layer 209, Si0 2 dielectric film 212, and p-electrodes 213. 

[0041] In the wafer having the LD structure 251 formed on the GaN-based substrate 250 
as described above, stripe-shaped waveguides 253 are formed inside the LD structure 251 as 
shown in Fig. 3B. The stripe-shaped waveguides 253 are formed parallel to the <1-100> 
direction. Between every two adjacent ones of the stripe-shaped waveguides 253, cleavage 
guide grooves 252 are formed to help cleave the wafer into a plurality of bars in the direction 
of <1 l-20> The wafer has, where the cleavage guide grooves 252 are formed, a section as 
shown in Fig. 3 A. 
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[0042] The cleavage guide grooves 252 are formed, by scribing using a diamond needle, 
in the top surface of the LD structure 251 between every two adjacent ones of the stripe- 
shaped waveguides 253 as shown in Fig 3B. Here, the depth d from the top surface of the 
LD structure 25 1 to the deepest end of the cleavage guide grooves 252 is so controlled as to 
be at least within the range 1 jam <d<\0 |im. This helps improve the "bar yield rate," i.e., 
the rate at which bars are obtained without defective breakage when the wafer is cleaved into 
bars. 

[0043] In a case where the LD structure 25 1 is thin enough to permit the cleavage guide 
grooves 252 to reach the interface between the GaN-based substrate 250 and LD structure 25 1, 
the depth d\ from the interface between the GaN-based substrate 250 and LD structure 251 to 
the deepest end of the cleavage guide grooves 252 may be so controlled as to be in the range 1 
fim < d\ < 10 |im. This helps improve the "device yield rate," i.e., the rate at which the 
individual devices obtained from the bars cleaved apart are such that the end surfaces of the 
laser cavity are so flat as to have an RMS value of 0.5 nm or less and that variations in the 
cavity length are within a prescribed range. 

[0044] This is because it is thereby possible to prevent degradation of the far-field pattern 
(FFP) of the emitted light and lowering of the reflectivity on the end surfaces of the cavity 
due to unwanted surface irregularities resulting from the LD structure 25 1 partially containing 
a substance that does not cleave or a substance that cleaves in a different direction and thereby 
permits the dicing pressure to scatter around. 

[0045] As described above, the cleavage guide grooves 252 run in the <1 1-20> direction 
of the GaN-based substrate 250. By making the cleavage guide grooves 252 start and end at 
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points 50 |im or more away from the stripe-shaped waveguides 253, it is possible to cleave 
the wafer with an increased bar yield rate. Further preferably, the start and end points of the 
cleavage guide grooves 252 are located 100 jxm or more away from the stripe-shaped 
waveguides 253 to achieve an increased device yield rate. 

[0046] In this embodiment, as shown in Fig. 3 A, the depth from the interface between the 
GaN-based substrate 250 and the LD structure 251 to the deepest end of the cleavage guide 
grooves 252 is uniformly 1 urn. On the other hand, the distance from the stripe-shaped 
waveguides 253 to the start or end points of the cleavage guide grooves 252 is 125 |im. 

[0047] For a maximum bar yield rate in the dicing of the wafer, each stroke of the 
cleavage guide grooves 252 is formed, preferably, in the shape of a solid line as long as 
possible in the <1 1-20> direction within the region described above, but may be formed in the 
shape of a broken line. The cleavage guide grooves 252 may be formed, instead of by 
scribing as described above, by dry etching such as RIE (reactive ion etching) or wet etching. 

[0048] Moreover, the cleavage guide grooves 252 may be formed, instead of between 
every two adjacent ones of the stripe-shaped waveguides 253 as shown in Fig. 3B, so that the 
interval between every two adjacent ones of the cleavage guide grooves 252 is 1mm or 
shorter and simultaneously that the distance from their start and end points to the stripe- 
shaped waveguides 253 fulfills the condition described above. This eliminates the need to 
form the cleavage guide grooves 252 between every two adjacent ones of the stripe-shaped 
waveguides 253. 

[0049] Next, the wafer, having the cleavage guide grooves 252 formed in this way, is 
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cleaved in the <ll-20> direction into bars. The dicing of the wafer here is achieved by 
pressing a breaking blade onto the bottom surface of the GaN-based substrate 250, in the 
positions where the cleavage guide grooves 252 are located, from below so as to break the 
wafer. In this way, in the bars cleaved apart, end surfaces are formed by exploiting cleaved 
surfaces at which the stripe-shaped waveguides 253 are split. The dicing of the wafer may 
be achieved by cleaving, i.e., hitting the wafer with a blade so that it is broken by the shock, 
or by heating the portions around the scribed lines locally, or by breaking using the shock 
caused by a sound wave or a stream of water or the like. 

[0050] By cleaving in this way a wafer as shown in Figs. 3A and 3B, we obtained a large 
number of bars with a cavity length of 500 jam. The actually measured cavity lengths were 
within ± 5 fim of the design value of 500 jam, and the bar yield rate and the device yield rate 
were over 92 % and 90 %, respectively. Moreover, in the bars thus cleaved apart, we 
measured the average of the surface irregularities on the end surfaces between the cleavage 
guide grooves 252 and observed that, whereas at distances of 50 ixm or shorter from the 
cleavage guide grooves the RMS value was as great as 10 nm at the maximum, at distances 
100 fim or longer from the cleavage guide grooves, the end surfaces were so flat as to show 
an RMS value of 0.5 nm at the maximum. Considering that the RMS value of the end 
surfaces formed in a GaN-based semiconductor laid on a sapphire substrate is 3.5 nm on 
average, the results obtained in this embodiment attest to an improvement in quality in terms 
of the flatness of the cleaved end surfaces. 

[0051] The bars thus obtained by cleaving a wafer as shown in Figs. 3 A and 3B are then 
further cleaved, by performing scribing in their bottom or top surface in the <1-100> direction 
between every two adjacent stripe-shaped waveguides 253, into individual GaN-based 
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semiconductor laser devices. Here, the scribing may be performed with such a stylus force 
(the load with which a stylus is pressed onto the wafer) as to press the bars and thereby brake 
them in the <1-100> direction into GaN-based semiconductor laser devices, or may be 
performed in such a way as to completely cut the bars into GaN-based semiconductor laser 
devices. 

2. Structure of the GaN-Based Semiconductor Laser Device 

[0052] With reference to Fig. 4, the structure of the semiconductor laser device 1 formed 
by being diced apart from a wafer as described above will be described. 

[0053] In Fig. 4, to simplify the explanations, it is assumed that the GaN-based substrate 
10 includes the n-GaN-based substrate 200 and n-GaN buffer layer 201, and that the LD 
structure 11 includes the n-GaN contact layer 202, n-AJGaN clad layer 203, n-GaN optical 
guide layer 204, InGaN multiple quantum well active layer 205, p-AlGaN evaporation 
prevention layer 206, p-GaN optical guide layer 207, p-AlGaN clad layer 208, p-GaN contact 
layer 209, and Si0 2 dielectric film 212. 

[0054] In the GaN-based semiconductor laser device 1 obtained by dicing a wafer having 
an LD structure formed on a GaN-based substrate as described above, mirror end surfaces 12 
are formed by cleavage on the LD structure 11 formed on the GaN-based substrate 10. 
Inside the LD structure 1 1, a stripe-shaped waveguide 13 is provided that serves to guide laser 
light. 

[0055] An n-electrode 210 is formed on the bottom surface of the GaN-based substrate 10, 
and a p-electrode 213 is formed on the top surface of the LD structure 11. To these 
electrodes, electric power is supplied from outside to operate the GaN-based semiconductor 
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laser device 1. In the four corners in the top surface of the GaN-based semiconductor laser 
device 1, on its LD structure 1 1 side, cutaway portions 14 are formed. 

[0056] The cutaway portions 14 correspond to the cleavage guide grooves 252 (see Figs. 
3 A and 3B) that have been formed in the top surface of the wafer beforehand to help produce 
the mirror end surfaces 12 when the wafer is cleaved into bars. In this embodiment, the 
depth from the interface between the GaN-based substrate 10 and the LD structure 11 to the 
deepest end of the cutaway portions 14 is 1 ^m. Moreover, when the GaN-based 
semiconductor laser device 1 is viewed in a two-dimensional projection with the GaN-based 
substrate 10 down, the cutaway portions 14 are so formed as to start at 125 \xm away from the 
stripe-shaped waveguide 13. In this embodiment, the GaN-based semiconductor laser 
device 1 has four cutaway portions 14. In practice, however, the number of cutaway 
portions 14 formed in the GaN-based semiconductor laser device 1 may vary, starting from at 
least one, depending on how the cleavage guide grooves 252 are formed in the top surface of 
the wafer beforehand. 

[0057J In this embodiment, when the wafer is diced to form the GaN-based 
semiconductor laser device, the cutaway portions that are formed as remnants of the cleavage 
guide grooves may be cut off altogether. This has the advantage of removing the dust or the 
like produced when the cleavage guide grooves are formed. 

Second Embodiment 

[0058] A second embodiment of the invention will be described below with reference to 
the drawings. Fig. 5 is a sectional view showing the structure of the wafer before the GaN- 
based semiconductor laser device of this embodiment is diced apart. Figs. 6A and 6B are a 



-19- 



sectional view and a top view, respectively, illustrating the dicing of the wafer. Fig. 7 is an 
external perspective view of the GaN-based semiconductor laser device diced apart. 

1. Fabrication Processes of the GaN-Based Semiconductor Laser Device 
(Forming the Wafer) 

[0059] First, how the wafer is formed will be described with reference to Fig. 5. In Fig. 
5, such elements as are found also in the wafer shown in Fig. 2 are identified with the same 
reference numerals, and their detailed descriptions will not be repeated. 

[0060] In this embodiment, unlike the first embodiment (Fig. 2), first, on the top surface 
of an n-GaN-based substrate 200 having a crystal growth surface on the (0001) plane and 
having a film thickness of 100 to 500 jum, Si0 2 is vapor-deposited by a process using an 
electron beam or by sputtering to form a growth suppression film. Thereafter, by the use of 
a lithography technique using a photo-curing resin, stripe-shaped Si0 2 masks 501 are formed, 
from the growth suppression film formed on the n-GaN-based substrate 200, along the <1- 
100> direction of the n-GaN-based substrate 200. 

[0061] The masks 501 have a mask width of 13 jam each and are arranged with 7 \im wide 
windows secured between them. The growth suppression film may be formed out of any 
other material than Si0 2 , for example, SiN x , A1 2 0 3 , or Ti0 2 . The masks may be hollow 
cavities. 

[0062] The n-GaN-based substrate 200 having the masks 501 formed on its top surface in 
this way is then cleaned organically, and is then transported into MOCVD equipment, where, 
along with a flow of H 2 as a carrier gas, TMG is introduced at 100 pimol/min and Silt* at 10 
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nmol/min to grow an n-GaN contact layer 502 having a thickness of 25 |im. 

[0063] After this n-GaN contact layer 502 is formed, as in the first embodiment, TMA is 
introduced to form an n-AlGaN clad layer 203, and then the supply of TMA is stopped to 
form an n-GaN optical guide layer 204. Thereafter, the carrier gas is switched from H 2 back 
to N 2 and the temperature is lowered down to 700 °C, and then TMI and TMG are introduced 
to form an InGaN multiple quantum well active layer 205 having an alternating layer structure 
composed of InGaN barrier layers and InGaN well layers. 

[0064] Then, the supply of TMI and TMG is stopped, the temperature is raised back up to 
1,050 °C, the carrier gas is switched from N 2 back to H 2 , and then TMG, TMA, and Cp 2 Mg 
are introduced to grow a p-AlGaN evaporation prevention layer 206. Thereafter, the supply 
of TMA is stopped to grow a p-GaN optical guide layer 207. Furthermore, TMA is 
introduced again to form a p-AJGaN clad layer 208. Finally, the supply of TMA is stopped 
to grow an p-GaN contact layer 209. With this ends the growth of an LD structure on top of 
the n-GaN-based substrate 200. 

[0065] Then, the supply of TMG and Cp 2 Mg is stopped and the temperature is lowered, 
and then the wafer having the LD structure formed on its top surface is transported out of the 
MOCVD equipment. The wafer is then subjected to a series of processes to form individual 
laser devices. First, etching is performed to form ridged stripes 211, then a Si0 2 dielectric 
film 212 is vapor-deposited, then the p-GaN contact layer 209 is exposed, and then Pd, Mo, 
and Au are vapor-deposited in this order to form p-electrodes 213. As in the first 
embodiment, the p-electrodes 213 may be formed by vapor-depositing Pd, Pt, and Au in this 
order, or Pd and Au in this order, or Ni and Au in this order. 
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[0066] Next, by a physical process such as polishing, or by a chemical process such as 
wet etching or dry etching, the bottom surface of the n-GaN substrate 200 is polished to adjust 
the thickness of the wafer to 80 to 160 |um. Next, from below the bottom surface of the n- 
GaN substrate 200, Hf and Al are vapor-deposited in this order to form n-electrodes 210. As 
in the first embodiment, the n-electrodes 210 may by formed by vapor-depositing Ti and Al in 
this order, or Ti and Mo in this order, or Hf and Au in this order, or any other suitable 
combination of materials. 

[0067] In the process of forming the n-electrodes 210, instead of forming them from 
below the bottom surface of the n-GaN substrate 200, they may be formed on the n-GaN layer 
202 exposed from above the top surface of the epitaxial wafer by dry etching. 

Dicing the Wafer 

[0068] Next, how the wafer is diced in this embodiment will be described with reference 
to Figs. 6 A and 6B. Figs. 6 A and 6B are a sectional view and a top view, respectively, of 
the wafer having the LD structure formed on top of the GaN-based substrate 200 as described 
above. 

[0069] In Figs. 6A and 6B, to simplify the explanations, it is assumed that the GaN-based 
substrate 510 includes the n-GaN-based substrate 200 and n-electrodes 210, and that the LD 
structure 511 includes the mask 501, n-GaN contact layer 502, n-AlGaN clad layer 203, n- 
GaN optical guide layer 204, InGaN multiple quantum well active layer 205, p-AlGaN 
evaporation prevention layer 206, p-GaN optical guide layer 207, p-AlGaN clad layer 208, p- 
GaN contact layer 209, Si0 2 dielectric film 212, and p-electrodes 213. 
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In the wafer having the LD structure 511 formed on the GaN-based substrate 510 
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as described above, just as in the first embodiment, stripe-shaped waveguides 253 are formed 
inside the LD structure 511 as shown in Fig. 6B. Between every two adjacent ones of the 
stripe-shaped waveguides 253, cleavage assist grooves 512 and cleavage guide grooves 513 
are formed to help cleave the wafer into a plurality of bars in the direction of <1 1-20> The 
wafer has, where the cleavage assist grooves 512 and the cleavage guide grooves 513 are 
formed, a section as shown in Fig. 6A. 

[0071] First, the cleavage assist grooves 512 are formed in the surface of the LD structure 
5 1 1 by performing REE between the stripe-shaped waveguides 253 as shown in Fig. 6B. The 
cleavage assist grooves 512 are so formed as to have a depth half the thickness of the epitaxial 
layer of the LD structure 511. That is, the cleavage assist grooves 512 are formed above the 
masks 50 1 formed inside the LD structure 511. 

[0072] After the cleavage assist grooves 512 are formed in this way, the cleavage guide 
grooves 513 are formed, by scribing using a diamond needle, substantially along the center 
line of the cleavage assist grooves 512. The cleavage guide grooves 513 are formed so as to 
reach the masks 501 formed inside the LD structure 511, which has a different cleavage plane 
from the other part of the LD structure 511. Here, the depth dl from the top surface of the 
LD structure 51 1 to the deepest end of the cleavage guide grooves 513 is so controlled as to 
• fulfill 1 \xm < dl < 10 jam. This helps improve the bar yield rate. 

[0073] In a case where the LD structure 5 1 1 is thin enough to permit the cleavage guide 
grooves 513 to reach the interface between the GaN-based substrate 510 and LD structure 511, 
the depth di from the interface between the GaN-based substrate 510 and LD structure 51 1 to 
the deepest end of the cleavage guide grooves 513 may be so controlled as to be in the range 1 ' 
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\im < di < 10 jam. This helps improve the device yield rate. 

[0074] This is because it is thereby possible to prevent degradation of the FFP of the 
emitted light and lowering of the reflectivity on the end surfaces of the cavity due to 
unwanted surface irregularities resulting from the LD structure 551 partially containing a 
substance that does not cleave or a substance that cleaves in a different direction and thereby 
permits the dicing pressure to scatter around, for example the masks 501 in particular. 

[0075J As described above, the cleavage assist grooves 512 and the cleavage guide 
grooves 513 run in the <ll-20> direction of the GaN-based substrate 510. By making the 
cleavage assist grooves 512 and the cleavage guide grooves 513 start and end at points 50 ^im 
or more away from the stripe-shaped waveguides 253, it is possible to cleave the wafer with 
an increased bar yield rate. Further preferably, the start and end points of the cleavage assist 
grooves 512 and the cleavage guide grooves 513 are located 100 jam or more away from the 
stripe-shaped waveguides 253 to achieve an increased device yield rate. 

[0076] In this embodiment, as shown in Fig. 6A, the depth from the interface between the 
GaN-based substrate 510 and the LD structure 511 to the deepest end of the cleavage guide 
grooves 513 is uniformly 1 \x.m. On the other hand, the distance from the stripe-shaped 
waveguides 253 to the start or end points of the cleavage assist grooves 512 and the cleavage 
guide grooves 513 is 125 |im. 

[0077] For a maximum bar yield rate in the dicing of the wafer, each stroke of the 
cleavage assist grooves 512 and the cleavage guide grooves 513 is formed, preferably, in the 
shape of a solid line as long as possible in the <ll-20> direction within the region described 
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above, but may be formed in the shape of a broken line. The cleavage guide grooves 513 
may be formed, instead of by scribing as described above, by dry etching such as REE or wet 
etching. 

[0078] Moreover, the cleavage assist grooves 512 and the cleavage guide grooves 513 
may be formed, instead of between every two adjacent ones of the stripe-shaped waveguides 
253 as shown in Fig. 6B, so that the interval between every two adjacent ones of the cleavage 
assist grooves 512 and the cleavage guide grooves 513 is 1mm or shorter and simultaneously 
that the distance from their start and end points to the stripe-shaped waveguides 253 fulfills 
the condition described above. This eliminates the need to form the cleavage assist grooves 
512 and the cleavage guide grooves 513 between every two adjacent ones of the stripe-shaped 
waveguides 253. 

[0079] Next, the wafer, having the cleavage assist grooves 512 and the cleavage guide 
grooves 513 formed in this way, is cleaved in the <1 1-20> direction into bars. The dicing of 
the wafer here is achieved, as in the first embodiment, by pressing a breaking blade onto the 
bottom surface of the GaN-based substrate 510, in the positions where the cleavage guide 
grooves 513 are located, from below so as to break the wafer. In this way, in the bars 
cleaved apart, end surfaces are formed by exploiting cleaved surfaces at which the stripe- 
shaped waveguides 253 are split. The dicing of the wafer may be achieved by cleaving, i.e., 
hitting the wafer with a blade so that it is broken by the shock, or by heating the portions 
around the scribed lines locally, or by breaking using the shock caused by a sound wave or a 
stream of water or the like. 

[0080] By cleaving in this way a wafer as shown in Figs. 6A and 6B, we obtained a large 
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number of bars with a cavity length of 500 urn. The actually measured cavity lengths were 
within ± 5 urn of the design value of 500 jam, and the bar yield rate and the device yield rate 
were over 92 % and 96 %, respectively. Moreover, in the bars thus cleaved apart, we 
measured the average of the surface irregularities on the end surfaces between the cleavage 
assist grooves 512 and obtained results comparable to those obtained in the first embodiment. 
This attests to an improvement in quality in terms of the flatness of the cleaved end surfaces 
compared with a case where a GaN-based semiconductor is laid on a sapphire substrate. 

[0081] The bars thus obtained by cleaving a wafer as shown in Figs. 6A and 6B are then, 
as in the first embodiment, further cleaved, by performing scribing in their bottom or top 
surface in the <1-100> direction between every two adjacent stripe-shaped waveguides 253, 
into individual GaN-based semiconductor laser devices. Here, the scribing may be 
performed with such a stylus force as to press the bars and thereby brake them in the <1-100> 
direction into GaN-based semiconductor laser devices, or may be performed in such a way as 
to completely cut the bars into GaN-based semiconductor laser devices. 

2. Structure of the GaN-Based Semiconductor Laser Device 

[0082] With reference to Fig. 7, the structure of the semiconductor laser device 2 formed 
by being diced apart from a wafer as described above will be described. 

[0083] In Fig. 7, to simplify the explanations, it is assumed that the LD structure 21 
includes the masks 501, n-GaN contact layer 502, n-AlGaN clad layer 203, n-GaN optical 
guide layer 204, InGaN multiple quantum well active layer 205, p-AlGaN evaporation 
prevention layer 206, p-GaN optical guide layer 207, p-AlGaN clad layer 208, p-GaN contact 
layer 209, and SiQ 2 dielectric film 212. 
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[0084] In the GaN-based semiconductor laser device 2 obtained by dicing a wafer having 
an LD structure formed on a GaN-based substrate as described above, mirror end surfaces 22 
are formed by cleavage on the LD structure 21 formed on the GaN-based substrate 200. 
Inside the LD structure 21, a stripe-shaped waveguide 23 is provided that serves to guide laser 
light. 

[0085] An n-electrode 210 is formed on the bottom surface of the GaN-based substrate 
200, and a p-electrode 213 is formed on the top surface of the LD structure 21. To these 
electrodes, electric power is supplied from outside to operate the GaN-based semiconductor 
laser device 2. In the four corners in the top surface of the GaN-based semiconductor laser 
device 2, on its LD structure 21 side, cutaway portions 24 are formed. The cutaway portions 
24 are each composed of a portion 24a having a depth reaching about the middle of the LD 
structure 21 and a portion 24b extending from the bottom surface of the portion 24a and 
reaching the GaN-based substrate 200. 

[0086] The cutaway portions 24 correspond to the cleavage assist grooves 512 and the 
cleavage guide grooves 513 (see Figs. 6 A and 6B) that have been formed in the top surface of 
the wafer beforehand to help produce the mirror end surfaces 22 when the wafer is cleaved 
into bars, with the portions 24a corresponding to the cleavage assist grooves 512 and the 
portions 24b to cleavage guide grooves 513. In this embodiment, the depth from the 
interface between the GaN-based substrate 200 and the LD structure 21 to the deepest end of 
the cutaway portions 24 is 1 jam. 

[0087] Moreover, when the GaN-based semiconductor laser device 2 is viewed in a two- 
dimensional projection with the GaN-based substrate 200 down, the cutaway portions 24 are 
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so formed as to start at 125 |im away from the stripe-shaped waveguide 23. In this 
embodiment, the GaN-based semiconductor laser device 2 has four cutaway portions 24. In 
practice, however, the number of cutaway portions 24 formed in the GaN-based 
semiconductor laser device 2 may vary, starting from at least one, depending on how the 
cleavage assist grooves 512 and the cleavage guide grooves 513 are formed in the top surface 
of the wafer beforehand. 

[0088] In this embodiment, when the wafer is diced to form the GaN-based 
semiconductor laser device, the cutaway portions that are formed as remnants of the cleavage 
guide grooves may be cut off altogether. This has the advantage of removing the dust or the 
like produced when the cleavage guide grooves are formed. 

Third Embodiment 

[0089] A third embodiment of the invention will be described below with reference to the 
drawings. Fig. 8 is a sectional view showing the structure of the wafer before the GaN- 
based semiconductor laser device of this embodiment is diced apart. Figs. 9A and 9B are a 
sectional view and a top view, respectively, illustrating the dicing of the wafer. Fig. 10 is an 
external perspective view of the GaN-based semiconductor laser device diced apart. 

1. Fabrication Processes of the GaN-Based Semiconductor Laser Device 
(Forming the Wafer) 

[0090] First, how the wafer is formed will be described with reference to Fig. 8. In Fig. 
8, such elements as are found also in the wafer shown in Fig. 2 are identified with the same 
reference numerals, and their detailed descriptions will not be repeated. 
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In this embodiment, as in the first embodiment (Fig. 2), first, an n-GaN-based 
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substrate 200 having a crystal growth surface on the (0001) plane and having a film thickness 
of 100 to 500 jam is cleaned organically, and is then transported into MOCVD equipment, 
where, in an atmosphere of H 2 , cleaning is performed at a high temperature of about 1,100 °C 
Then, in this embodiment, unlike the first embodiment, with N 2 and NH 3 flowing at 5 1/min 
each, the temperature is lowered down to about 1,050 °C, then the carrier gas is switched 
from N 2 to H 2 , and then TMG and SffiU are introduced to grow an n-GaN contact layer 202 
having a thickness of 0. 1 to 10 ^im (for example, 4 |im). 

[0092] Thereafter, an LD structure and n- and p-electrodes are formed in the same manner 
as in the first and second embodiments. Specifically, on the n-GaN contact layer 202, an n- 
AlGaN clad layer 203, an N-GaN optical guide layer 204, an InGaN multiple quantum well 
active layer 205, a p-AlGaN evaporation prevention layer 206, a p-GaN optical guide layer 
207, a p-AlGaN clad layer 208, and a p-GaN contact layer 209 are formed in this order to 
complete the growth of an LD structure. Then, at room temperature, the wafer complete 
with the LD structure is transported out of the MOCVD equipment. 

[0093] Then, with this wafer complete with the LD structure, etching is performed on its 
surface in the shape of stripes to form ridged stripes 211, then, a Si0 2 dielectric film 212 is 
vapor-deposited, and then the p-GaN contact layer 209 is exposed. Further on top, a 
material for p-electrodes is vapor-deposited to form p-electrodes 213. Moreover, the bottom 
surface of the n-GaN-based substrate 200 is polished to adjust the thickness of the wafer, and 
then a material for n-electrodes is vapor-deposited on the bottom surface of the n-GaN 
substrate to form n-electrodes 210. 



-29- 



Dicing the Wafer 

[0094] Next, how the wafer is diced in this embodiment will be described with reference 
to Figs. 9 A and 9B. Figs. 9A and 9B are a sectional view and a top view, respectively, of 
the wafer having the LD structure formed on top of the GaN-based substrate 200 as described 
above. 

[0095] In Figs. 9A and 9B, to simplify the explanations, it is assumed that the GaN-based 
substrate 700 includes the n-GaN-based substrate 200 and n-electrodes 210, and that the LD 
structure 701 includes the n-GaN contact layer 202, n-AlGaN clad layer 203, n-GaN optical 
guide layer 204, InGaN multiple quantum well active layer 205, p-AlGaN evaporation 
prevention layer 206, p-GaN optical guide layer 207, p-AlGaN clad layer 208, p-GaN contact 
layer 209, Si0 2 dielectric film 212, and p-electrodes 213. 

[0096] In the wafer having the LD structure 701 formed on the GaN-based substrate 700 
as described above, just as in the first embodiment, stripe-shaped waveguides 703 are formed 
inside the LD structure 701 as shown in Fig. 9B. Between every two adjacent ones of the 
stripe-shaped waveguides 703, cleavage guide grooves 702 are formed to help cleave the 
wafer into a plurality of bars in the direction of <1 1-20>. The wafer has, where the cleavage 
guide grooves 702 are formed, a section as shown in Fig. 9A. 

[0097] The cleavage guide grooves 702 are formed, by scribing using a diamond needle, 
in the bottom surface of the GaN-based substrate 700. Here, the depth d4 from the bottom 
surface of the GaN-based substrate 700 to the deepest end of the cleavage guide grooves 702 
is so controlled as to be at least within the range 1 jam < d4 < 10 jim. As described above, 
the cleavage guide grooves 702 are formed in the <ll-20> direction of the GaN-based 
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substrate 700. Moreover, by making the cleavage guide grooves 702 start and end at 50 |am 
or more away from the stripe-shaped waveguides 703, it is possible to cleave the wafer with 
an increased bar yield rate. Further preferably, the start and end points of the cleavage guide 
grooves 702 are located 100 |im or more away from the stripe-shaped waveguides 703 to 
achieve an increased device yield rate. 

[0098] In this embodiment, as shown in Fig. 9 A, the depth d4 from the bottom surface of 
the GaN-based substrate 700 to the deepest end of the cleavage guide grooves 702 is 
uniformly 4 |im. On the other hand, the distance from the stripe-shaped waveguides 703 to 
the start or end points of the cleavage guide grooves 702 is 125 |im. For a maximum bar 
yield rate in the dicing of the wafer, each stroke of the cleavage guide grooves 702 is formed, 
preferably, in the shape of a solid line as long as possible in the <1 1-20> direction within the 
region described above, but may be formed in the shape of a broken line. The cleavage 
guide grooves 702 may be formed, instead of by scribing as described above, by dry etching 
such as RflE or wet etching. 

[0099] Moreover, the cleavage guide grooves 702 may be formed, instead of between 
every two adjacent ones of the stripe-shaped waveguides 703 as shown in Fig. 9B, so that the 
interval between every two adjacent ones of the cleavage guide grooves 702 is 1mm or 
shorter and simultaneously that the distance from their start and end points to the stripe- 
shaped waveguides 703 fulfills the condition described above. This eliminates the need to 
form the cleavage guide grooves 702 between every two adjacent ones of the stripe-shaped 
waveguides 703. 

[0100] Next, the wafer, having the cleavage guide grooves 702 formed in this way, is 
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cleaved in the <1 1-20> direction into bars. In this embodiment, unlike the first embodiment, 
the dicing of the wafer is achieved by pressing a breaking blade onto the top surface of the LD 
structure 701, in the positions where the cleavage guide grooves 702 are located, from above 
so as to break the wafer. In this way, in the bars cleaved apart, end surfaces are formed by 
exploiting cleaved surfaces at which the stripe-shaped waveguides 703 are split. The dicing 
of the wafer may be achieved by cleaving, i.e., hitting the wafer with a blade so that it is 
broken by the shock, or by heating the portions around the scribed lines locally, or by 
breaking using the shock caused by a sound wave or a stream of water or the like. 

[0101] By cleaving in this way a wafer as shown in Figs. 9A and 9B, we obtained a large 
number of bars with a cavity length of 500 jim. The actually measured cavity lengths were 
within ± 5 nm of the design value of 500 jam, and the bar yield rate was over 92 %. 
Moreover, in the bars thus cleaved apart, we measured the average of the surface irregularities 
on the end surfaces between the cleavage guide grooves 702 and obtained results comparable 
to those obtained in the first embodiment. This attests to an improvement in quality in terms 
of the flatness of the cleaved end surfaces compared with a case where a GaN-based 
semiconductor is laid on a sapphire substrate. 

[0102] The bars thus obtained by cleaving a wafer as shown in Figs. 9 A and 9B are then, 
as in the first embodiment, further cleaved, by performing scribing in their bottom or top 
surface in the <1-100> direction between every two adjacent stripe-shaped waveguides 703, 
into individual GaN-based semiconductor laser devices. Here, the scribing may be 
performed with such a stylus force as to press the bars and thereby brake them in the <1-100> 
direction into GaN-based semiconductor laser devices, or may be performed in such a way as 
to completely cut the bars into GaN-based semiconductor laser devices. 
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2. Structure of the GaN-Based Semiconductor Laser Device 

[0103] With reference to Fig. 10, the structure of the semiconductor laser device 3 formed 
by being diced apart from a wafer as described above will be described. 



[0104] In Fig. 10, to simplify the explanations, it is assumed that the LD structure 31 
includes the n-GaN contact layer 202, n-AlGaN clad layer 203, n-GaN optical guide layer 204, 
InGaN multiple quantum well active layer 205, p-AlGaN evaporation prevention layer 206, p- 
GaN optical guide layer 207, p-AlGaN clad layer 208, p-GaN contact layer 209, and Si0 2 
dielectric film 212. 

[0105] In the GaN-based semiconductor laser device 3 obtained by dicing a wafer having 
an LD structure formed on a GaN-based substrate as described above, mirror end surfaces 32 
are formed by cleavage on the LD structure 3 1 formed on the GaN-based substrate GaN 200. 
Inside the LD structure 3 1, a stripe-shaped waveguide 33 is provided that serves to guide laser 
light. 

[0106] An n-electrode 210 is formed on the bottom surface of the GaN-based substrate 
200, and a p-electrode 213 is formed on the top surface of the LD structure 31. To these 
electrodes, electric power is supplied from outside to operate the GaN-based semiconductor 
laser device 3. In the four corners in the bottom surface of the GaN-based semiconductor 
laser device 3, on its GaN-based substrate 200 side, cutaway portions 34 are formed. 

[0107] The cutaway portions 34 correspond to the cleavage guide grooves 702 (see Figs. 
9A and 9B) that have been formed in the bottom surface of the wafer beforehand to help 
produce the mirror end surfaces 32 when the wafer is cleaved into bars. In this embodiment, 
the depth from the bottom surface of the GaN-based substrate 200 to the deepest end of the 
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cutaway portions 34 fulfills 1 [\m < dA < 10 |im. 



[0108] Moreover, when the GaN-based semiconductor laser device 3 is viewed in a two- 
dimensional projection with the GaN-based substrate 200 down, the cutaway portions 34 are 
so formed as to start at 100 ^im away from the stripe-shaped waveguide 33. In this 
embodiment, the GaN-based semiconductor laser device 3 has four cutaway portions 34. In 
practice, however, the number of cutaway portions 34 formed in the GaN-based 
semiconductor laser device 3 may vary, starting from at least one, depending on how the 
cleavage guide grooves 702 are formed in the bottom surface of the wafer beforehand. 

[0109] In this embodiment, when the wafer is diced to form the GaN-based 
semiconductor laser device, the cutaway portions that are formed as remnants of the cleavage 
guide grooves may be cut off altogether. This has the advantage of removing the dust or the 
like produced when the cleavage guide grooves are formed. 

Fourth Embodiment 

[0110] A fourth embodiment of the invention will be described below with reference to 
the drawings. Figs. 11 A and 11B are a sectional view and a top view, respectively, 
illustrating the dicing of the wafer. Fig. 12 is an external perspective view of the GaN-based 
semiconductor laser device diced apart. 

1. Fabrication Processes of the GaN-Based Semiconductor Laser Device 
(Forming the Wafer) 

[0111] Here, the wafer formed in this embodiment is assumed to have the same sectional 
structure as that formed in the first embodiment and shown in the sectional view in Fig. 2. 
Therefore, as to how it is formed, the description of the first embodiment is to be consulted, 
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and no detailed explanations will be repeated. 

[0112] Specifically, on an n-GaN-based substrate 200, an LD structure is formed by 
growing an n-GaN buffer layer 201, an n-GaN contact layer 202, an n-AlGaN clad layer 203, 
an n-GaN optical guide layer 204, an InGaN multiple quantum well active layer 205, a p- 
AlGaN evaporation prevention layer 206, a p-GaN optical guide layer 207, a p-AlGaN clad 
layer 208, and a p-GaN contact layer 209 in this order. Moreover, on the top surface of the 
LD structure, ridged stripes 211 are formed, then a SiC>2 dielectric film 212 is vapor-deposited, 
and then the p-GaN contact layer 209 is exposed. Further on top, a material for p-electrodes 
is vapor-deposited to form p-electrodes 213. In addition, the bottom surface of the n-GaN- 
based substrate 200 is polished to adjust the thickness of the wafer, and then a material for n- 
electrodes is vapor-deposited on the bottom surface of the n-GaN-based substrate 200 to form 
n-electrodes 210. 

Dicing the Wafer 

[0113] Next, how the wafer is diced in this embodiment will be described with reference 
to Figs. 1 1 A and 1 IB. Figs. 1 1 A and 1 IB are a sectional view and a top view, respectively, 
of the wafer having the LD structure formed on top of the GaN-based substrate 200 as 
described above. 

[0114] In Figs. 11A and 11B, as in Figs. 3 A and 3B, to simplify the explanations, it is 
assumed that the GaN-based substrate 250 includes the n-GaN-based substrate 200, n-GaN 
buffer layer 201, and n-electrodes 210, and that the LD structure 251 includes the n-GaN 
contact layer 202, n-AlGaN clad layer 203, n-GaN optical guide layer 204, InGaN multiple 
quantum well active layer 205, p-AlGaN evaporation prevention layer 206, p-GaN optical 
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guide layer 207, p-AlGaN clad layer 208, p-GaN contact layer 209, Si0 2 dielectric film 212, 
and p-electrodes 213. 

[0115] Moreover, as in the first embodiment, when the LD structure 251 is formed on the 
GaN-based substrate 250 to form the wafer, stripe-shaped waveguides 253 are formed inside 
the LD structure 25 1 as shown in Fig. 1 IB. 

[0116] The wafer formed in this way is placed, with the bottom surface of the GaN-based 
substrate 250 up, on a dicer provided with a diamond blade, which is a machine for forming 
grooves in a semiconductor wafer. Then, cleavage assist grooves 254 having a depth d5 
(where 0 < d5 < 40 ^m) and a width w (0 < w < 30 (am) are formed in the shape of broken 
lines in the <1 l-20> direction as shown in Fig 1 IB. Then, the wafer is turned upside down, 
and, as in the first embodiment, cleavage guide grooves 252 are formed in the shape of solid 
lines in the top surface of the LD structure 251 as shown in Fig. 11B by scribing with a 
diamond needle between every two adjacent ones of the stripe-shaped waveguides 253. 
Thus, whereas the cleavage guide grooves 252 are discontinuous, the cleavage assist grooves 
254 are continuous. 

[0117] Here, when the cleavage guide grooves 252 are formed, the depth d from the top 
surface of the LD structure 251 to the deepest end of the cleavage guide grooves 252 is so 
controlled as to be at least within the range 1 jam < d < 10 jam. This helps improve the bar 
yield rate. Moreover, by controlling the depth d\ from the interface between the GaN-based 
substrate 250 and the LD structure 251 to the deepest end of the cleavage guide grooves 252 
within the range 1 |im < d\ < 10 ^m, it is possible to improve the device yield rate. 
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[0118] As described above, the cleavage guide grooves 252 are formed in the <ll-20> 
direction of the GaN-based substrate 250 and in addition substantially along the center lines 
of the cleavage assist grooves 254. By making the cleavage guide grooves 252 start and end 
at points 50 jim or more away from the stripe-shaped waveguides 253, it is possible to cleave 
the wafer with an increased bar yield rate. Further preferably, the start and end points of the 
cleavage guide grooves 252 are located 100 |^m or more away from the stripe-shaped 
waveguides 253 to achieve an increased device yield rate. 

[0119] In this embodiment, as shown in Fig. 11 A, the depth from the interface between 
the GaN-based substrate 250 and the LD structure 25 1 to the deepest end of the cleavage 
guide grooves 252 is uniformly 1 ^im, and the distance from the stripe-shaped waveguides 
253 to the start or end points of the cleavage guide grooves 252 is 125 jam. On the other 
hand, the cleavage assist grooves 254 has a depth d5 of 20 \im and a line width w of 20 jam, 
and are arranged with a pitch p of 500 \xm between themselves in the <1-100> direction. 

[0120] For a maximum bar yield rate in the dicing of the wafer, each stroke of the 
cleavage guide grooves 252 is formed, preferably, in the shape of a solid line as long as 
possible in the <1 1-20> direction within the region described above, but may be formed in the 
shape of a broken line. The cleavage guide grooves 252 may be formed, instead of by 
scribing as described above, by dry etching such as RIE or wet etching. 

[0121] Next, the wafer, having the cleavage guide grooves 252 formed in this way, is 
cleaved in the <ll-20> direction into bars. The dicing of the wafer here is achieved by 
pressing a breaking blade onto the cleavage assist grooves 254 from below the bottom surface 
of the GaN-based substrate 250, in the positions where the cleavage guide grooves 252 are 
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located, from below so as to break the wafer. In this way, in the bars cleaved apart, end 
surfaces are formed by exploiting cleaved surfaces at which the stripe-shaped waveguides 253 
are split. The dicing of the wafer may be achieved by cleaving, i.e., hitting the wafer with a 
blade so that it is broken by the shock, or by heating the portions around the scribed lines 
locally, or by breaking using the shock caused by a sound wave or a stream of water or the 
like. 

[0122] By cleaving in this way a wafer as shown in Figs. 11A and 11B, we obtained a 
large number of bars with a cavity length of 500 |im. The actually measured cavity lengths 
were within ± 5 jam of the design value of 500 jim, and the bar yield rate was over 96 %. 
Moreover, in the bars thus cleaved apart, we measured the average of the surface irregularities 
on the end surfaces between the cleavage guide grooves 252 and obtained results comparable 
to those obtained in the first embodiment. This attests to an improvement in quality in terms 
of the flatness of the cleaved end surfaces compared with a case where a GaN-based 
semiconductor is laid on a sapphire substrate. 

[0123] The bars thus obtained by cleaving a wafer as shown in Figs. 11A and 11B are 
then further cleaved, by performing scribing in their bottom or top surface in the <1-100> 
direction between every two adjacent stripe-shaped waveguides 253, into individual GaN- 
based semiconductor laser devices. Here, the scribing may be performed with such a stylus 
force as to press the bars and thereby brake them in the <1-100> direction into GaN-based 
semiconductor laser devices, or may be performed in such a way as to completely cut the bars 
into GaN-based semiconductor laser devices. 
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2. Structure of the GaN-Based Semiconductor Laser Device 

[0124] With reference to Fig. 12, the structure of the semiconductor laser device la 
formed by being diced apart from a wafer as described above will be described. In the 
semiconductor laser device la shown in Fig. 12, such elements as are found also in the GaN- 
based semiconductor laser device 1 shown in Fig. 4 are identified with the same reference 
numerals, and their detailed explanations will not be repeated. 

[0125] In the GaN-based semiconductor laser device la fabricated by the fabrication 
method of this embodiment, as in the first embodiment, in the four corners in its top surface, 
on its LD structure 11 side, cutaway portions 14 are formed, which correspond to the cleavage 
guide grooves 252 (Figs. 1 1 A and 1 IB). Moreover, in the bottom surface of the GaN-based 
substrate 10, in two places on the mirror end surface side, cutaway portions 15 are formed. 
These cutaway portions 15 correspond to the cleavage assist grooves 254 (Figs. 1 1A and 1 IB) 
that have been formed in the bottom surface of the wafer beforehand. 

[0126] Although the GaN-based semiconductor laser device la has four cutaway portions 
14 in this embodiment, the number of cutaway portions 14 formed in practice may vary, 
starting from at least one, depending on how the cleavage guide grooves 252 are formed in 
the top surface of the wafer beforehand. Likewise, although two cutaway portions 15 are 
formed in this embodiment, the number of cutaway portions 15 formed in practice may vary, 
starting from at least one, depending on how the cleavage assist grooves 254 are formed in the 
bottom surface of the wafer beforehand. 

[0127] In this embodiment, when the wafer is diced to form the GaN-based 
semiconductor laser device, the cutaway portions that are formed as remnants of the cleavage 
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guide grooves may be cut off altogether. This has the advantage of removing the dust or the 
like produced when the cleavage guide grooves are formed. 

[0128] In this embodiment, a wafer having a structure similar to that of the first 
embodiment is diced into individual GaN-based semiconductor laser devices by forming 
cleavage guide grooves and cleavage assist grooves in the top and bottom surfaces, 
respectively, of the wafer. Instead, it is also possible to dice a wafer having a structure 
similar to that of the second embodiment (Fig. 5) into individual GaN-based semiconductor 
laser devices by forming cleavage guide grooves and cleavage assist grooves in the top and 
bottom surfaces, respectively, of the wafer. 

[0129] In all the embodiments described above, a particular plane is selected as the 
direction in which to form mirror end surfaces. However, it is also possible to select instead 
a plane parallel to any of the {0001 }, { 1 1-20}, and {1-100} planes, which are cleavage planes 
inherent in a GaN-based semiconductor having a hexagonal crystal structure. Of these 
planes, the {1-100} plane is preferred because it shows good cleavage. Specifically, it is 
preferable to form mirror end surfaces on one of the (1-100), (10-10), (01-10), (-1100), (- 
1010), and (0-110) planes. 

[0130] It is to be understood that the present invention applies not only to semiconductor 
laser devices having optical waveguide structures as specifically described in the 
embodiments above. That is, the present invention applies not only to the ridge structure 
dealt with in the embodiments above but also to other structures such as the self-aligned 
structure (SAS), electrode stripe structure, embedded hetero structure (BH), and channeled 
substrate planar (CSP) structure to achieve the same effects as described above without 
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affecting the substance of the invention. 



[0131] According to the present invention, cleavage guide grooves are formed in a 
direction of cleavage near optical waveguides so that individual nitride semiconductor devices 
are obtained by being diced apart through cleavage occurring along those cleavage guide 
grooves. This makes it possible to reduce the surface roughness on end surfaces near the 
optical waveguides of the nitride semiconductor devices and thereby obtain mirror surfaces. 
This helps improve the FFP of the emitted light and reduce the rate of defects, permitting 
nitride semiconductor devices to be fabricated with a yield rate of 90 % or higher. 
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